Description 

Method for the production of white LEDs and white LED light source 
Technical Background 

5 

[001] The invention relates to a method for the production of a white light with light 
emitting diode (= LED) emitting a predetermined color temperature, in the 
following designated as "white LED", in which an LED emitting blue light, 
designated in the following as "blue LED", or an LED emitting UV light. 

10 designated in the following as "UV LED", is coated with a conversion layer 

which absorbs the blue light or UV light and emits light of longer wavelength. 
In the case of a blue LED, a part of the blue emission is converted into a 
different wavelength region, so that the sum of the emitted light components 
yields white light. In the case of a UV LED. the conversion layer must naturally 

15 contain at least two different color conversion pigments, the emissions of 

which together yield white light. The invention relates further to a white LED 
light source, which has a plurality of blue LEDs or UV LEDs. over which a 
conversion layer is applied. 

20 [002] The color conversion layer is typically of inorganic or organic color conversion 
pigments, which are distributed in an organic plastic layer. 

[003] With regard to a reproducible production of white LEDs within tight tolerances 
of the resulting chromaticity coordinate, in the production process, along with 
25 the concentration of the pigments, also the layer thickness (and its shape) 

must be exactly defined. 

[004] In the state of the art, in this regard various processes are known; 

30 [005] 1) The color conversion medium fills the reflector cup, in which the LED is 
placed, known from 

(JP 8335719 A 

35 JP 8335720 A -. 

): 



L 



[006] 2) The color conversion medium is applied in drop form over the LED chip 
(with transparent spacer: 
US 5959316 A 

JP 10190065 A 

): 

[007] 3) The color conversion medium is applied in the adhesion layer between the 
LED and a lens ( 
US 6590235 B 

); 

[008] 4) The color conversion medium is definedly produced in layer form and 
attached to the LED ( 
EP 1081771 A-, 

); 

[009] 5) The color conversion layer is directly printed on the LED chip ( 
JP 2001244507 A". 
)■ 

[010] These methods meet the requirements for many applications, in particular for 
illumination, inadequately. The production methods and their tolerances are 
substantial reasons for the deviations. A further reason is the following: 

[01 1] The excitability of the color conversion agent depends, typically, strongly on 
the wavelength of the exciting LEDs. Particularly in the case of long 
wavelength blue LEDs, a wavelength tolerance of only a few nm already leads 
to significantly different emission intensities with the current color conversion 
agents. In the case of UV LEDs this would lead primarily to a variation of 
intensity, in the case of blue LEDs beyond this to a color displacement, since 
in this case the white light is composed of the blue LED emission and the 
emission of the color conversion agent. 
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[012] Since LEDs in accordance with the state of production technology have a 
relatively broad wavelength distribution, a typical selection class has a 
wavelength tolerance of more than 5 nm. Even in the case of a very defined 
application of the color conversion agent (with negligible tolerance) there 
5 results from this a tolerance of the color temperature of white LEDs of more 

than ± 300 K. This is already too great for many applications. It thus 
corresponds to the state of the art. that the market requirement for more 
narrowly specified white LEDs is satisfied by means of selection processes. 



1 0 Disclosure of the invention 
Technical problem 



[013] It is object of the invention to provide a method for the production of white 
LEDs which have lesser tolerance of color temperature than corresponds to 
15 the state of the art. Further, a white LED light source is to be provided which 

has a lesser broadness of variation of the color temperature, which thus has 
in particular a virtually constant color temperature over the entire emission 
surface. 



20 Technical solution 



[014] The object is achieved in accordance with the invention by means of a 

method of the kind mentioned in the introduction, in that the exact wavelength 
of the LED is determined before the application of the color conversion agent 
25 and then the color conversion agent is applied over this LED in an amount 

and/or concentration dependent upon the determined wavelength. 

[015] This object is further achieved in accordance with the invention by means of a 
LED light source of the kind mentioned in the introduction, in that the quantity 
30 of the conversion layer above each LED depends upon the exact wavelength 

of the LED concerned. 



[016] In contrast to the state of the art. by means of the method in accordance with 
the invention a production of white LEDs with defined color temperature and 
35 defined tolerance is possible, without a further selection procedure being 

necessary. 
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[017] The production process can crudely be described as follows: 

[018] LEDs are produced in wafers. It corresponds to the state of the art that the 
5 individual LEDs on the wafer are measured individually with regard to 

brightness and wavelength (AA < Inm) (wafer mapping, see production 
specification of the machine manufacturer, e.g. ASM). This data is then further 
employed for the following purpose: to select the LEDs. after their separation, 
into various classes. Alternatively, the optical data of the LEDs can be 
10 measured individually .before the application of the color conversion, by 

means of a spectrometer (or chromameter). 

[019] In the subject invention, the information of the wafer mapping is employed to 
apply to each LED selectively a specific quantity of color conversion agent. 
15 The quantity of color conversion agent is hereby selectively, e.g. by means of 

appropriate selection of the layer thickness or the concentration (in the case 
of diluted systems) matched to the LED concerned. 

[020] In the application of the color conversion agent there are the following 
20 possibilities: 

[021] selective dispensing or stamping. 

[022] selective inkjet printing. 

25 

[023] selective vaporization through masks. 

[024] selective subsequent setting of the thickness and form of the layer of the color 
conversion agent (e.g. by means of laser, as in the case of resistance 

30 trimming), 

[025] For simplification, the LEDs are brought together in groups, e.g. in each case 
in the range of 1 nm. 



35 Brief description of the drawings 
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[026] The invention will be explained in more detail with reference to the drawings. 
There is shown: Fig. 1 LEDs with different quantities of binder, in which the 
color conversion phosphor pigment is located; Fig. 2 LEDs with the same 
quantities of binder, in which the color conversion phosphor pigment is found 
5 with different concentration; and Fig. 3 a modification of the embodiment in 

accordance with Fig. 2. 



[027] There now follow five application examples: 

10 [028] I.) Color conversion phosphor pigment dispersed in organic binder with 
constant concentration - application by means of dispenser 

[029] In Fig. 1 there is shown a board 1 on which there are located four LED dice 
2a, 2b, 2c, 2d. These LED dice 2a, 2b, 2c. 2d are applied in flip-chip 
15 technology, i.e. the terminals 3 are located on the underside and are 

connected with contact bumps 4 with the board 1. Above each LED dice 2a, 
2b, 2c, 2d there is located a drop of a binder 5 which contains the color 
conversion phosphor pigment. 

20 [030] One matches the drop quantity to the wavelength of the LED dice 2a, 2b, 2c, 
2d. In accordance with the determined wavelength of the individual LED dice 
2a, 2b, 2c, 2d the drop quantity is increased for long wavelength LED dice 2b, 
2c, while it is reduced for short wavelength LED dice 2d. Since the viscosity 
and thixotropy of the paste depends upon the concentration of the color 

25 conversion pigment, an alteration of the drop form can be achieved (in the 

case of a volumetric dosing). 

[031] With these methods, by means of a variation of the dispensation volume 

between 0.02 and 0.03 cm^ on dice, the wavelengths of which vary between 
30 460 and 475 nm, white light with a color temperature of 6500 ± 300 K can be 

realized. 

[032] II.) Color conversion pigment dispersed in organic binder with variable 
concentration - application by means of dispenser. 

35 
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[033] The concentration of the phosphor pigment in the binder 6 in the matrix is 

adapted in accordance with the wavelengths of the individual LED dice 2a, 2b, 
2c, 2d (see Fig. 2). This is preferably achieved by means of the employment 
of a plurality of dispensing or stamp containers with different concentrations of 
5 the phosphor pigment. The different concentration is indicated in Fig. 2 by 

means of hatching with different spacing. 



[034] Optionally, after the dispensing or stamping procedure, a printing process can 
follow, in order to achieve a flat and defined form of the color conversion 
10 medium (see Fig. 3). For this purpose, a mask is laid over the LED 

arrangement, in the apertures of which mask the color conversion medium is 
applied by means of dispenser. Then, by means of a scraper, the material 
standing above the mask is removed. 

15 [035] With these methods, by means of a variation of the phosphor pigment in the 
organic matrix between 10 and 30 mass-%, on dice having a wavelength 
variation between 460 and 475 nm, there can be realized white light having a 
color temperature of 6500 ± 200 K. 

20 [036] Methods I and II are preferably put to use for LED dice which are arranged 
face down (electrodes downwardly) on carrier materials (semiconductor 
carrier or printed circuit board = PCS), since it is difficult in the case of a face 
up mounting to keep the electrodes free from the color conversion paste. The 
LEDs so mounted are individually measured with regard to the wavelength in 

25 a mapping procedure, and the dispenser programmed with this data. The 

individual LEDs can then be divided along dividing lines 7 and are processed 
to LED light sources or also put to use as LED modules. 

[037] III.) Color conversion phosphor pigment dispersed in organic binder — 
30 application by means of inkjet printing. 

[038] Inkjet printing represents a refinement of the dispensing methods I - II. For 
this purpose, fine grained pigments (in the region of at the most a few 
micrometers diameter) are necessary. 



35 
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[039] The individual setting of the color conversion per LED can be effected by 
means of the number of applied inkjet drops (= volumetric) or the 
concentration, by means of the use of different inkjets inks (from different 
cartridges) or the combination thereof. 

5 

[040] IV.) Application of the color conversion materials from the gas phase 

[041] In accordance with the state of the art there are known some materials 

(ZnS:Mn) which are suitable for color conversion of light emitted by LEDs and 
10 which can be deposited by means of gas phase methods. 

[042] One of the advantages of these methods is that electrodes of the LEDs can 
be selectively covered over and thus this method is also well suited for face 
up mounted LEDs. (One can simply cover over the contact surfaces.) 

15 

[043] The selective color conversion is achieved in this method by means of defined 
setting of the applied quantity of the color conversion material. This can be 
effected in the simplest case by the application of a mask (typically a 
photomask) which is specifically matched to the LED wafer to be coated (in 
20 accordance with the wafer mapping data). In this way an LED with the highest 

wavelength (which normally brings about the best excitability) is fully coated, 
whilst in the case of LEDs with lesser wavelength only a part of the surface is 
coated. 

25 [044] V.) Trimming of the thickness and form of the color conversion layer 

[045] The setting of the color conversion in the case of full-surface applied layers (of 
the same concentration) can also be effected subsequently. For this purpose 
there can be applied a method which is put to use in semiconductor and 

30 printing technology, in order e.g. to calibrate resistances in a defined manner. 

For this purpose the coated LED is so trimmed that a laser removes (laser 
ablation) color conversion material from the surface of the LED in a defined 
manner so that the desired color is achieved by means of the defined quantity 
of color conversion material left remaining, independently of the wavelength of 

35 the LED. 



